Aims-The study was undertaken to test the feasibility of using the LOCS III cataract grading scale in the field and to determine the rate of cataract progression over a 1 year period of time. Methods-For 150 subjects between the ages of 33 and 55 who attended the refraction clinic at Aravind Eye Hospital in Madurai, India, lens abnormalities were graded at the slit lamp using the LOCS III scale. One year later, 99 of the subjects were re-evaluated by the same methodology to assess the amount of lens change. Results-Interrater reliability was high. A change of 0.5 or more in lens colour, cortical, nuclear, or posterior subcapsular cataract was observed in at least one eye of 54% of the subjects.
It has been inferred from incidence and prevalence studies that approximately 38 million people are blind worldwide using the World Health Organisation (WHO) definition of 20/400 vision in the better seeing eye. 1 Cataract represents more than 50% of all blindness. 2 The incidence of cataract is approximately 20% of the prevalence figure. 2 Thus, for example, the incidence of new blind cataract patients in India is about one million per year since there are 4.7 million people blind with cataracts in India. Many times those numbers are visually impaired. Minassian and Mehra's study suggests a much higher figure of 3.8 million blinded by cataract each year in India. 3 Whatever the exact numbers may be, the problem is enormous. The burden of these blind people falls heaviest on the developing nations of the world where prevalence rates are significantly higher than in the USA. For example, in India the prevalence rates are more than double those in the USA and the number of people becoming blind from cataracts each year exceeds the number of surgeries performed for cataracts each year. 4 Even in the USA the problem is a significant health issue. The cost of cataract surgery is estimated to be over US$3.4 billion dollars for over 540 000 surgeries annually 5 and the number of doctors' oYce visits made each year because of cataracts is approximately 3.5 million.
There is no disputing the enormity of the problem. The financial burden and morbidity to those aVected with cataracts is overwhelming. In addition, patients who are legally blind by WHO standards may not be eligible for surgery in cataract camps where, often, hand motion vision is the requirement for intervention (Professor Sundar Raj, Chief, Madras Eye Hospital, Madras, India, personal communication, 1990). The cost of performing surgery even in a camp is high and the results frequently less than ideal. Endophthalmitis rates as high as 10% have been noted (Dr Pokhrel, chief, Bir Hospital Kathmandu, Nepal, personal communication, 1988).
There is relative consensus among people studying the problem that the long term solution does not lie in the area of more surgery, although more inexpensive, rapid, eYcient techniques performed on greater numbers of people is a definite goal. The area that holds the greatest promise is the one of prevention. Should a factor be found to delay cataract onset by 10 years, the number of cataract operations performed in the USA would decrease by 45% over that 10 year period 6 and the number of cataract blind in the world would decrease by approximately 10 million.
To address the prevention problem one must solve a number of issues. Firstly, one must discover the risk factors. Secondly, one must be able accurately to grade the cataract progression. Thirdly, it would be best to know the progression rate, and fourthly, a study must be performed demonstrating a beneficial eVect from elimination or neutralisation of one or more of the significant risk factors. Hopefully, this intervention will be cost eVective and relatively easy to carry out worldwide.
There has been a great deal of research regarding the risk factors for cataract development. 7 8 There appear to be two phenomena which interact to produce greater and earlier development of cataract in the developing world. These are (a) the increased photo-oxidation which occurs as a result of greater exposure to ultraviolet rays (because of occupation and geography) and (b) the prevalence of nutritional deficiencies in children and adults. [9] [10] [11] [12] It has also been demonstrated in vitro that continued photocatalytic generation of superoxide radicals (by ambient light) can initiate the oxidation of lens lipids with eventual formation of cataracts. Antioxidants, such as vitamins C and E, superoxide dismutase, and catalase can prevent this cataract development. [13] [14] [15] The second problem of accurate lens grading has been recently resolved. There are presently a number of methods available for cataract grading. [16] [17] [18] We chose to employ the Lens Opacities Classification System III (LOCS III) in our study. The LOCS was designed for clinical or photographic classification of human cataract. 19 20 Colour slit lamp transparencies are used as standards to grade nuclear opalescence (NO), cortical (C), posterior subcapsular (PS) cataract, and lens colour (NC). Although LOCS II was used eVectively to study cataract progression 21 the system had some weaknesses. These included: (1) the scale for colour grading was small and the guidelines for grading colour were ambiguous; (2) the early stages of the nuclear cataract were under-represented; (3) the scaling intervals on all scales were unequal; (4) the PS cataract scale under-represents the early changes; (5) the 95% tolerance limits were large because an integer scale was used.
LOCS III was developed to correct many of these problems. The number of standards has been expanded, the intervals between grades is now based on validated objective methods and the sensitivity of the system has been improved by the use of the decimal method for grading. 22 The purpose of this study was to test the feasibility of LOCS III in the field and to determine the rate of cataract progression over a 1 year period.
Materials and methods
The study was performed at Aravind Eye Hospital in Madurai, India. The 150 subjects (109 men and 41 women) were selected from the refraction clinic. Subjects who fitted the entrance criteria were selected the week before the study was to begin. The first 170 who said they would be able to return were entered. Of these, 150 returned. The subjects were between the ages of 33 and 57 (mean age 45) and had no history of systemic disorders or drug exposure that may predispose to cataracts (that is, diabetes, corticosteroid therapy, irradiation). Excluded were subjects with a best corrected visual acuity of less than 20/40, patients who had previous intraocular surgery, subjects with secondary cataracts, congenital cataracts, and mature cataracts visible to the naked eye.
All patients were examined at baseline (in 1994); 11 were re-evaluated the day of their examination to assess intraobserver reliability. Ninety nine subjects returned for a follow up examination after 12 months.
In the 1994 grading, one subject had only a right eye suitable for grading and one only a left. In the 1995 grading, two subjects had only a right eye and two only a left suitable for grading. Cataracts had been previously removed in these eyes.
The examiners were masked as to the gradings of the other examiners and to each subject's previous grading (in the 1 year follow up visit). The same four observers (ophthalmologists) re-examined the subjects at the 12 month interval. Both eyes were maximally dilated using three doses of 0.8% tropicamide and 5.0% Neosynephrine eyedrops (phenylephrine hydrochloride; Milnet Co, India).
Ophthalmology residents and social workers recorded the relevant history, sex, and age of the subjects; checked the visual acuity; quickly refracted the subjects; and then instilled the dilating drops.
There were four slit lamps set up in the examining room. The four observers rotated from one slit lamp to the next and, thus, each subject was examined at the same slit lamp. The slit-lamp number was recorded on the patient's information sheet and the patient was examined at the same slit lamp the following year (Fig 1) . The LOCS III grading transparencies were placed at the subject's shoulder between two slit lamps. These were mounted on x ray light boxes. The area not covered by the transparency was blacked out to eliminate unnecessary light. The drapes were pulled and the lighting adjusted and recorded. The lighting situation was recorded and recreated the following year.
Every day before beginning the grading of the subjects, three subjects, not in this study, were examined, graded, and discussed by all of the observers to enhance adherence of graders to the LOCS III system.
Interobserver reliability was assessed for each of the four LOCS III measures for both the 1994 and 1995 gradings by computing intraclass correlation coeYcients 23 as well as Pearson correlation coeYcients for all combinations of pairs of examiners. Spearman correlation coeYcients, not reported herein, were also computed and were very similar to the others. For all three methods, right and left eye results were virtually identical; only right eye correlation coeYcients are reported here.
The reliability of the scores of the four examiners were also assessed by computing standard errors of measurements for the 1994 and 1995 gradings as well as for the change from 1994 to 1995. For purpose of analysis, a 0.5 unit change from 1994 to 1995 was considered to be the minimum clinically relevant amount of worsening. Table 1 presents the distribution of cataract gradings for each of the four measures (NC, PS, C, and NO) for 1994 and 1995. A majority of subjects had some abnormality in NC and NO but only a minority had significant abnormality in the cortical and posterior subcapsular portions of the lens. Table 2 provides the distribution of changes for each of the four LOCS III measures from 1994 to 1995. There was no clear pattern of diVerences in progression rate when the eyes were divided into those that had abnormality at baseline (1994) and those that did not.
Results

LOCS III GRADINGS 1994 AND 1995
CHANGES IN THE LENS FROM 1994 TO 1995
Fifty four per cent of the 99 subjects worsened 0.5 or more on at least one measure in one or both eyes (22% in one eye and 32% in both eyes) ( Table 3) . At least 0.5 change occurred in one or both eyes in 18% for C, 16% for NO, 42% for NC, and 8% for PS. (Tables 5 and 7 ). The results for the left eyes were similar (data not shown). Table 8 provides the standard error of measurement for the four observers for the 1994 and 1995 gradings as well as for the assessment of change from 1994 to 1995. As expected, the standard errors were slightly higher for the assessments of change than for the individual 1994 and 1995 assessments. The results for right and left eyes were quite similar.
INTEROBSERVER RELIABILITY
Tables 4 and 5 for 1994 and Tables 6 and 7 for 1995 demonstrate that the correlation between pairs of examiners was high for all four measures of the right eyes. The magnitude of the correlation coeYcients generally was slightly lower when only eyes were included with meaningful abnormality on a measure
Discussion
The 150 subjects who were entered in this study were selected in a non-systematic manner from the refraction clinic by the Aravind Eye Hospital personnel. The criteria for exclusion are listed in the Methods section. The subjects were between the ages of 35 and 55 and had a correctible visual acuity of 20/40 or better. The majority of subjects seen in the clinic were males and this is reflected in our sample (approximately two thirds were male).
The 99 subjects re-examined after 12 months were similar in demographic characteristics to the original 150 subjects. The reason for the non-appearance seemed random. The personnel at Aravind Eye Hospital have performed numerous epidemiological studies and their experience suggests that subjects do not appear for logistic reasons (distance, work commitments, availability of transport, etc). Incentives (payment for cost of transport, free medical care, etc) could have increased the return rate. The dropout rate in village based studies is about 10% per year. The dropout rate for a non-incentive hospital based study such as ours was not known before this study.
A change of 0.3 or more in one of the four cataract measurements was observed in 77% of the eyes. We selected the more conservative 0.5 or more change to represent the minimum amount of change that was clinically relevant and still noted a change in at least one eye of 54% of the patients in the 12 month interval. Eighty two per cent of the eyes had no detect- able PS. Of those patients with a baseline score of 1 or greater in the PS in one or both eyes, 44% changed 0.5 or more in at least one eye. The progression rate of cataract development in the developing world has not been previously determined. Data such as ours are essential in planning interventional studies.
The probability appears high that the observed lens changes from 1994 to 1995 were real. However, the possibility exists that the change could have been due to a drift in measurement (systematically the four examiners tended to grade higher in 1995 than in 1994). As evidence against this, the consistency of the findings between examiners and the fact that the examiners were not aware of the 1994 gradings at the time of the 1995 gradings support the change being real. In addition, because of the length of the time between the two gradings (12 months), it is unlikely that the change reflected a learning eVect on the part of the examiners.
The interobserver reliability of the measurements was high. The morning checks on adherence to the LOCS III system were helpful, as well as limiting the number of sub- *Abnormality at baseline (1994) defined as the presence in at least one eye of a LOCS-III score for cortical >1, for nuclear opacity >2, for posterior subcapsular >1, and for nuclear colour >2. †Based on the average value for each patient for the four examiners. jects examined per day. The examiners were not exhausted for the later gradings. This study validates the reliability of LOCS III and the slit-lamp method of examination in the field. Previous investigators have reported the reliability of the slit-lamp method versus the photographic method of grading the LOCS III. 22 As already noted, the results of this study can be used to estimate the sample size requirements for a randomised treatment trial designed to determine whether a particular therapy can eVectively reduce the progression of lens changes. A value equal to twice the standard error of measurement is the amount of change that should be exceeded to have a high level of confidence that the change is real. For all four measures this would be achieved by defining progression as a 1.0 or more unit change on the LOCS III scale. Assuming that the rate of change over 2 years would be twice that of 1 year, for a 2 year treatment trial, the expected rate of change in the control group can be estimated by the frequency of changes of 0.5 or more that were observed over a 1 year follow up period in the current study. For an outcome definition of change of 1.0 on any of the four measures in either eye over a 2 year period, the control group rate would be expected to be 54%. Assuming a type 1 error rate of 5% and an expected dropout rate of 20%, 600 subjects would be needed to have 90% power to detect a 30% treatment eVect.
This information is presently being applied to our interventional study. 
